Selection rules

A selection rule is a quantum mechanical rule that describes the types of quantum mechanical transitions that are permitted. Transitions not permitted by selection rules are said forbidden, which means they may occur in practice but with low probabilities. 

Born-Oppenheimer approximation: energy separated into three types rotational levels superimposed on vibrational levels vibrational levels superimposed on electronic levels. 

ΔE = ΔEelectronic+ ΔEvibration + ΔErotation

ΔEelectronic > ΔEvibration > ΔErotation
Transition Integral

If the transition dipole moment, 
[image: image1.wmf]i

f,

m

 has a nonzero value than the particular transition can be detected by optical spectroscopy.
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The intensities of spectroscopic transitions are proportional to the transition integral. We call this the transition is allowed if:
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is related to a dipole and therefore charge times distance.
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where e is the elementary charge of an electron. Now,
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In this symbolism the psi's represent the wave functions of two states can be vibrational wave functions if we are talking about vibrational spectroscopy, electronic wave functions if we are talking about electronic spectroscopy etc.

Electronic transitions and their energetics.
Ultraviolet and visible radiation interacts with matter which causes electronic transitions (promotion of electrons from the ground state to a high energy state). The ultraviolet region falls in the range between 190-380 nm, the visible region falls between 380-750 nm.
The energy of 285 nm photons is 6.97 10-19 J, for one mole of photon 419.7 kJ/mol.
The mean wavelength in visible is 565 nm. The energy of 565 nm photons is 

3.52 10-19 J, for one mole of photon 211.7 kJ/mol.
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Figure 14-1 Electron distribution in sigma and pi molec-
ular orbitals.




UV-Vis analysis of Tetraphenylcyclopentadienone
The UV-vis spectrum of tetraphenylcyclopentadienone



 is given below. The "n" electrons (or the nonbonding electrons) are the ones located on the oxygen of the carbonyl group of tetraphenylcyclopentadienone. Thus, the n to π* transition corresponds to the excitation of an electron from one of the unshared pair to the π* orbital.
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 The absorption spectrum of tetraphenylcyclopentadienone
Which λmax can be found at higher energy?
The σ →σ* transition requires an absorption of a photon with a wavelength which does not fall in the UV-VIS range. Thus, only π→π* and n→π* transitions occur in the UV-VIS region are observed.

Vibrations, selection rule (physical)
A vibrational transition is IR active if the electric dipole moment changes during the transition. E.g. N2 does not absorb infrared light, but HCl does.
The molecule should not have a permanent dipole.

Consider CO2:
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The normal vibrations of carbon dioxide.

The asymmetric stretch and the bends are the vibration types having dipole moment changing, and producing electromagnetic radiation. The radiation generated interacts with outer field.
The value of μ changes with the Q (coordinate) of the mode. 

So selection rule for vibration is:
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where Q is the coordinate of the vibration. For a diatomic: Q = R (bond length)

A homonuclear diatomic is IR inactive. A heteronuclear diatomic is IR active.

Rotations

Pure rotation spectra can be observed in the microwave region of electromagnetic radiation. 
Selection rule:

The physical requirement for observation of a pure rotational spectrum is an existing permanent dipole.
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A rotating HCl about an axis perpendicular to its bond produces an oscillating dipole.

A rotating N2 about an axis perpendicular to its bond produces no oscillating dipole.
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